Background Endoscopic submucosal dissection (ESD) has come to be widely performed for reduced invasiveness; however, its safety in patients with co-morbidities is not fully examined. We aimed to evaluate the safety and efficacy of gastric ESD with co-morbidities categorized according to ASA Physical Status Classification. Methods Two hundred and forty patients of ASA 1 (no co-morbidities), 268 of ASA 2 (mild), and 19 of ASA 3 (severe) were treated by ESD for gastric neoplasms. We retrospectively compared clinicopathological features and treatment results of these three groups. Results Cases (by percent) treated with anticoagulant/ platelet agents were more common in the higher ASA grades (ASA 1, 5.8%; ASA 2, 29.1%; ASA 3, 31.6%; P \ 0.0001). There were no significant differences in case numbers treated under guideline criteria, curative resection (ASA 1, 79.6%; ASA 2, 79.9%; ASA 3, 78.9%), or complications related to the ESD procedure (e.g., postoperative bleeding, perforation, thermal injury). By a patient risk prediction model on surgery, i.e., P-POSSUM, morbidity was halved, and no patients died compared to a predicted death rate of 0.5-2%; however, total and complications unrelated to ESD procedure (e.g., aspiration pneumonia, ischemic heat attack) were more common in higher ASA grades (ASA 1, ASA 2, ASA 3: 15.4, 23.9, 26.3%, respectively, P = 0.014; 0.4, 7.1, 0%, respectively, P = 0.00087). Deviation rates from clinical pathway were more frequent and hospital stay (days) longer in higher ASA grades (ASA 1, ASA 2, ASA 3: 11.3, 17.9, 26.3%, respectively, P = 0.014; 8, 8, 9%, respectively, P = 0.0053). Conclusions ESD is an efficient treatment for gastric neoplasms with co-morbidities. However, additional caution is required because co-morbidity is a risk factor for both total complications and complications unrelated to the ESD procedure, and may cause deviations in the clinical course and prolonged hospital stay.
bleeding, perforation, thermal injury). By a patient risk prediction model on surgery, i.e., P-POSSUM, morbidity was halved, and no patients died compared to a predicted death rate of 0.5-2%; however, total and complications unrelated to ESD procedure (e.g., aspiration pneumonia, ischemic heat attack) were more common in higher ASA grades (ASA 1, ASA 2, ASA 3: 15.4, 23.9, 26.3%, respectively, P = 0.014; 0.4, 7.1, 0%, respectively, P = 0.00087). Deviation rates from clinical pathway were more frequent and hospital stay (days) longer in higher ASA grades (ASA 1, ASA 2, ASA 3: 11.3, 17.9, 26.3%, respectively, P = 0.014; 8, 8, 9%, respectively, P = 0.0053). Conclusions ESD is an efficient treatment for gastric neoplasms with co-morbidities. However, additional caution is required because co-morbidity is a risk factor for both total complications and complications unrelated to the ESD procedure, and may cause deviations in the clinical course and prolonged hospital stay. Early-stage gastrointestinal neoplasms have been detected more often recently as a result of improvements in endoscopic examinations for patients with co-morbidities. In addition, a new endoscopic treatment, endoscopic submucosal dissection (ESD), has become widely accepted because it enables the en bloc resection of tumors and is considered to be less invasive than conventional surgical treatment. This curative but less radical treatment is desirable for patients with co-morbidities. However, ESD is relatively difficult to perform compared with conventional endoscopic mucosal resection (EMR) because it requires a longer procedure time and is associated with a higher incidence of complications [1, 2] . In addition, ESD requires deep conscious sedation. Appropriate perioperative risk assessment is thus necessary for safe ESD. The American Society of Anesthesiologists (ASA) Physical Status Classification was developed as a means of defining preoperative risk, and a correlation between ASA classification and perioperative mortality has been reported [3, 4] . In this study, we retrospectively evaluated the efficacy and safety of ESD for gastric neoplasms in patients with co-morbidities according to their ASA Physical Status Classification.
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Materials and methods

Patients
Of a total of 770 gastric cancer lesions treated by ESD at Kobe University Hospital between November 2001 and July 2010, 527 early gastric cancer lesions that were treated between March 2007 and July 2010, after the introduction of the clinical pathway, were analyzed retrospectively. ASA Physical Status Classification was recorded for all patients: class 1, healthy patients (no organic, physiological, psychiatric, or biochemical disturbances); class 2, mild systemic disease: no functional limitations (such as cerebral vessel disease, respiratory disease, ischemic heart disease, arrhythmia, chronic liver disease, chronic renal dysfunction, hypertension, or diabetes mellitus); or class 3, severe systemic disease: definite functional limitation (such as diabetes with associated vascular complications, poorly controlled hypertension, a history of myocardial infarction, or emphysema). No patients were categorized as ASA class 4 or 5 because these high-risk patients are contraindicated for treatment under conscious sedation [5] . Patients who had undergone other endoscopic therapies such as argon plasma coagulation (APC) before ESD were excluded from this study. To assess the influence of co-morbidities on the outcome of ESD, we divided the patients into three groups: ASA 1 group (n = 240), ASA 2 group (n = 268), and ASA 3 group (n = 19), according to their ASA classification. All patients provided written informed consent before undergoing treatment. Follow-up endoscopic examinations were conducted to check for recurrence every 6 months in the first year after ESD and every 12 months thereafter.
Criteria
The indications for ESD were determined according to the patients' endoscopic characteristics and the histological findings of biopsy specimens. Endoscopic ultrasonography was also carried out when a lesion was strongly suspected of submucosal invasion. According to the guidelines of the Japanese Gastric Cancer Association (JGCA), intramucosal cancer without ulceration, of the differentiated type, and B2 cm in diameter was included under the guideline criteria for ESD, and the following lesions were categorized under the extended criteria:
1. Intramucosal cancer without ulceration, differentiated type, [2 cm in diameter 2. Intramucosal cancer with ulceration, differentiated type, B3 cm in diameter.
Complications
In this study, we defined ''complication'' as Grade 3/4 of ''toxicity criteria'' [6] . Total complications were then divided into complications related to the ESD procedure and complications unrelated to the ESD procedure, as follows.
Complications related to the ESD procedure Postoperative bleeding, perforation, and thermal injury caused by preventive coagulation were defined as suffering from complications related to ESD procedure. Postoperative bleeding was confirmed when hemostatic treatment by endoscopic management or blood transfusion was required within 2 weeks of the ESD procedure. Perforation was Gastric ESD with co-morbidities 57 confirmed when the omentum or the abdominal cavity was visible during endoscopic treatment or when free air was recognized on radiography after the treatment. Transmural thermal injury resulted from serosal inflammation, which was caused by coagulation [7] , and manifested as localized abdominal pain, leukocytosis, and occasionally fever.
Complications unrelated to the ESD procedure
Other complications such as aspiration pneumonia, arrhythmia, ischemic heat attack, and delirium were defined as complications unrelated to the ESD procedure.
Gastric ESD methods
Clinical pathway (Table 1) Patients were admitted to our hospital 1 day before the ESD procedure. Tests of respiratory function, electrocardiograms, erect chest and abdominal X-rays, and blood tests were used to define the perioperative risk. All patients were given oral proton pump inhibitors (PPI) (sodium rabeprazole 20 mg) on the day of admission. After the ESD procedure, all patients received intravenous PPI (omeprazole) 40 mg and antibiotics (cefotiam hydrochloride) 2 g for 3 days, followed by 8 weeks of oral PPI (sodium rabeprazole) 20 mg. On the first postoperative day, a clinical examination and erect chest and abdominal X-rays were performed to exclude delayed perforation. After the absence of perforation was confirmed, the first follow-up endoscopic examination was performed to exclude postoperative bleeding. In cases in which a small amount of bleeding or visible vessels were observed, preventive coagulation was performed. Blood tests were also performed on the first postoperative day. After having ruled out perforation and postoperative bleeding, oral intake was started. The patients were discharged from hospital when they could tolerate a regular diet, usually on the sixth postoperative day. However, postoperative bleeding was treated by blood transfusion when the patient's hemoglobin level decreased by 4 g/dl, and perforation was treated by endoscopic clipping, with nasogastric tube. Oral intake was postponed until the second or third postoperative day, and the administration of intravenous antibiotics was extended in cases involving complications. These cases are defined as deviation from the clinical pathway.
ESD technique
Endoscopic submucosal dissection was carried out with an insulated-tip (IT) knife (KD-610L KD-611L; Olympus, Tokyo, Japan) [2] , IT knife 2 (KD-611L; Olympus) [8] , or a Flush knife (DK-2618JN; FTS, Tokyo, Japan) [9, 10] , through a conventional single-channel endoscope (GIF-Q240, Q260, Q260J; Olympus). A transparent hood (D-201-10704; Olympus) was mounted on the tip of the endoscope to maintain a clear operative field. For marking, we used APC or the tip of the Flush knife in forced coagulation mode in combination with a high-frequency electrosurgical generator (VIO 300D; ERBE Elektromedizin, Tubingen, Germany). For local injection, saline mixed with epinephrine (0.025% mg/ml) was injected into the submucosal layer using a 25-gauge endoscopic needle (Top Corporation, Tokyo, Japan), and sodium hyaluronate (MucoUp; Johnson & Johnson, Tokyo, Japan) was added when the resultant elevation of the submucosa was insufficient. For mucosal incision, the Flush knife or IT knife was used to make an incision along the circumference of the lesion; then, the submucosal layer was dissected with the Flush knife in forced coagulation mode or with the IT knife in swift coagulation mode. When bleeding occurred, attempts were made to achieve hemostasis using the knife itself; first using the Flush knife (forced coagulation mode; effect 3, 45 W), and then if this was unsuccessful after two or three attempts, Radial Jaw 3 hot biopsy forceps (REF1550; Boston Scientific) were used (soft coagulation mode; effect 6, 100 W) [11, 12] . After the resection, preventive coagulation of the visible vessels was performed in the resected area. The procedure time was measured from the beginning of the submucosal injection to completion of the resection.
Sedation
Midazolam was used for conscious sedation, and flunitrazepam was added if the initial sedation was insufficient. Haloperidol was used when the patient was delirious. In cases involving co-morbidities such as renal and liver dysfunction, the sedative doses were chosen carefully. Butorphanol was used for pain control throughout the procedure. Scopolamine was given as an antispasmodic to all patients who did not have contraindications. A depressor, nicardipine, was given to the patients with high systolic blood pressure (above 160 mmHg), and an infusion solution was loaded; an antihypotensive, effortil, was administered for those with low systolic blood pressure (below 80 mmHg). Oxygen was administered through the nasal cannula to those who displayed low peripheral oxygen saturation (SpO 2 , below 95%). Vital signs were monitored by electrocardiography, a sphygmomanometer, and a pulse oximeter.
Histological assessment
The resected specimens were fixed in formalin, sliced into 2-mm sections, and assessed microscopically with regard to the depth of invasion, histological type, lymphovascular invasion, and the lateral and vertical resection margins, Gastric ESD with co-morbidities 59
according to the JGCA gastric cancer treatment guidelines [13, 14] .
Definition of en bloc resection and curative resection
En bloc resection was defined as a one-piece resection including tumor-free margins. Specimens meeting the foregoing criteria as well as the criteria described below were considered to represent ''en bloc R0 curative resection'' with little risk of lymph node metastasis:
1. Intramucosal cancer without ulceration, differentiated type, irrespective of tumor size, no lymphovascular invasion 2. Intramucosal cancer with ulceration, differentiated type, B3 cm in diameter, no lymphovascular invasion 3. sm1 cancer (minimally invasive submucosal cancer; invasion depth\500 lm from the muscularis mucosa), differentiated type, \3 cm in diameter, no lymphovascular invasion, irrespective of ulceration When the resected lesion was not considered to be an en bloc R0 curative resection [15] , further surgical treatment was recommended.
Anticoagulant/antiplatelet agents
The administration of anticoagulant/antiplatelet drugs was discontinued for at least 1 week before and after ESD. Intravenous heparin (10,000-15,000 U/body/day) was given to those who could not be taken off anticoagulants because of the risk of thrombosis and was stopped 6 h before and after ESD.
Evaluated parameters
The clinicopathological data of the ASA 1, ASA 2, and ASA 3 groups were compared with regard to sex, age, frequency and details of anticoagulant/antiplatelet treatment, frequency of steroid use, details of co-morbidities, tumor location, macroscopic type, tumor diameter, resected specimen diameter, histopathological diagnosis, depth of invasion, procedure time, frequency and details of complications related and unrelated to ESD procedure, frequencies of cases treated under the guideline criteria and extended criteria, en bloc R0 resection rate, curative resection rate, reason for non-curativity, clinical course of non-curatively resected cases, sedative dose used, frequency of hypoxia (SaO 2 , below 90%), and frequency of hypertension and hypotension (change of blood pressure before and after sedation [40%), deviation rate from clinical pathway, and hospital stay. The data examined relative to sedation were limited to cases by experienced anesthesiologists. The impact of a patient's physiological condition on outcome following surgery was objectively assessed using the Portsmouth physiological and operative severity score for enumeration of mortality, and for morbidity we used the other patient risk prediction model on surgery (P-POSSUM) [16, 17] .
Statistics
Values are presented as medians, and the continuous variable and categorical variables were evaluated with the Kruskal-Wallis test. Statview ver. 5.0 and Statcel.2 were used for statistical analysis. P values B0.05 were considered to be statistically significant.
Results
Clinical characteristics of patients
We treated 527 gastric neoplasms from patients with co-morbidities (268 ASA 2 patients and 19 ASA 3 patients) and 240 gastric neoplasms from patients without co-morbidities (240 ASA 1 patients) by ESD according to the typical clinical pathway. Hypertension, diabetes mellitus, and ischemic heart disease were the most common co-morbidities. There were significant differences in age and sex and the use of anticoagulant/antiplatelet agents among the three groups. The median age (in years) of the ASA 2 and ASA 3 groups was higher than that of the ASA 1 group (ASA 1, 68.0; ASA 2, 73.5; ASA 3, 71.0; P = 0.022). The percentage of females tended to decrease as the grade of ASA increased (ASA 1, 27.1%; ASA 2, 19.8%; ASA 3, 15.8%; P = 0.022). Anticoagulant/antiplatelet agents were taken more often in the co-morbidity groups (ASA 1, 5.8%; ASA 2, 29.1%; ASA 3, 31.6%; P \ 0.0001), and aspirin was the anticoagulant/antiplatelet agent most commonly used (Table 2) .
Clinicopathological characteristics of the tumors
There were no significant differences among the three groups with regard to tumor location, macroscopic type, tumor diameter, resected specimen diameter, or criteria (Table 3) .
Sedation
Doses of midazolam and flunitrazepam tended to be lower in the co-morbidity groups, although there were no significant differences. The frequency of hypoxia tended to be higher in the ASA 2 group than the ASA 1 group, although none of the cases in the ASA 3 group displayed hypoxia.
The frequencies of hypertension and hypotension tended to increase as the grade of ASA increased, but the difference was not statistically significant (Table 4) .
Outcome
There were no significant differences in the procedure time, en bloc R0 resection rate, or curative resection rate among the three groups. The most common reason for non-curativity was massive submucosal invasion. Endoscopic follow-up during the clinical course of the non-curatively resected cases tended to be more frequent in the ASA 2 and ASA 3 groups; however, no recurrence had been observed as of March 2011. There was a significant difference in the frequency of total complications and complications unrelated to ESD procedure among the three groups. The patients in the ASA 2 and ASA 3 groups displayed a higher rate of total complications (ASA 1, 15.4%; ASA 2, 23.9%; ASA 3, 26.3%; P = 0.014) and complications unrelated to the ESD procedure (ASA 1, 0.4%; ASA 2, 7.1%; ASA 3, 0%, P = 0.00087). The most common complication unrelated to the ESD procedure was delirium, followed by aspiration pneumonia, arrhythmia, and ischemic heart attack caused by sedation. On the other hand, there was no significant difference in complications related to ESD procedure among the groups. The postoperative bleeding rates in the ASA 2 and ASA 3 groups were similar to that in the ASA 1 group. Although there were no significant differences, perforation and thermal injury tended to be more frequent in the higher ASA grades (ASA 1, 2.1%; ASA 2, 4.1%; ASA 3, 10.5%; P = 0.072, and ASA 1, 8.8%; ASA 2, 10.8%; ASA 3, 15.8%; P = 0.30). Deviation from clinical pathway was more frequent (ASA 1, 11.3%; ASA 2, 17.9%; ASA 3, 26.3%; P = 0.014), and the hospital stay was longer [ASA 1, 8 days (range, 4-18); ASA 2, 8 days (5-42); ASA 3, 9 days (6-21); P = 0.0053) in the higher ASA grades (Table 5) .
Based on the multivariate analysis, ASA was significantly associated with total complications [ASA 2 and ASA 3: odds ratio (OR) 1.737, 95% confidence interval (CI) 1.115-2.704, P = 0.015), and ASA and age with complications unrelated to ESD procedure (ASA 2 and Table 6 ). The P-POSSUM showed the predicted surgical risks: morbidity of postoperative bleeding and perforation that require endoscopic treatment and mortality were higher than the observed ESD risks, and there was no incidence of death. The predicted surgical risks were significantly more frequent in the higher ASA grades (predicted morbidity: ASA 1, 11.5%; ASA 2, 15.8%; ASA 3, 33.0%, P \ 0.0001; and predicted mortality: ASA 1, 0.5%; ASA 2, 0.7%; ASA 3, 1.9%; P \ 0.0001) ( Table 7) .
Discussion
As a result of increased life expectancy achieved by recent advances in medical treatment, gastroenterologists are increasingly facing the problem of treating patients with co-morbidities. Endoscopic mucosal resection (EMR) has become the standard treatment for intramucosal cancer of the gastrointestinal tract because it is less invasive than surgical resection [18, 19] . The general criteria for EMR for early gastric cancer are limited to the lesions defined in the Japanese treatment guidelines for early gastric cancer as carrying a negligible risk of lymph node metastasis. However, en bloc resection by EMR is often impossible because the size of the lesions that can be treated by EMR is limited. The ESD technique, which can be performed with a variety of knives, such as the insulated-tip diathermic knife (IT knife) [2, 18] , the Hook knife [19] , the Flex knife [20, 21] , and the Flush knife [22] [23] [24] [25] [26] [27] , allows en bloc resection of intramucosal tumors larger than 20 mm [2] , reduces local recurrence [18, 28] , and has been widely accepted [29] . Moreover, a recent study of a large number of surgically resected cases demonstrated that some lesions are candidates for extending the indications for ESD because the risk of lymph node metastasis of the lesion is tolerable [15] . The adoption of the ESD technique is expected to increase the number of patients whose stomachs are spared. The preservation of stomach function is especially important in patients with co-morbidities. Many patients with co-morbidities have come to be treated by ESD; however, ESD has some disadvantages in comparison with EMR, such as increased technical difficulty, longer procedure time, and an increased frequency of complications. Precise preoperative risk assessment is thus important for maximizing the safety of the ESD procedure, especially in patients with co-morbidities. Several articles have evaluated the efficacy and safety of ESD in elderly patients [30] [31] [32] ; however, patients were only classified according to their age, and no other risk factors were considered. This is the first report to evaluate the safety of ESD in patients with co-morbidities according to their ASA status classification, which has become the most widely used patient perioperative risk assessment scheme in the field of anesthesiology [3] [4] [5] .
In our ESD results, no significant differences in curativity were observed between the patients with co-morbidities and those without co-morbidities, although the patients with co-morbidities displayed higher rates of anticoagulation therapy. The good ESD results obtained in patients with co-morbidities are considered to result from to the improvement and development of devices and techniques such as the Flush knife, IT knife, high-frequency electrosurgical generator, and improved sedation methods. However, in this study, total complications and complications unrelated to ESD procedure occurred significantly more frequently in patients with co-morbidities.
Thermal injury, which was included in the complications related to the ESD procedure, might have been associated with low hemostatic capability and fragility of the muscle layer. Although preventive coagulation of the visible vessels in the resected area after ESD is reported to lead to a lower postoperative bleeding rate [33] , the vessel walls might be more fragile in patients with co-morbid arteriosclerosis [34] ; therefore, a delicate coagulation technique separated into several short sessions is required in patients with co-morbidities. Preventive clipping is also considered to be useful in addition to coagulation for those with higher ASA grades for fear of thermal injury.
Complications unrelated to the ESD procedure caused by sedation such as aspiration pneumonia, arrhythmia, ischemic heart attack, and delirium might be associated with weakened respiratory, cardiac, and central nervous function. In our study, we paid close attention to the dose of sedatives administered to patients with co-morbidities. Lower doses of sedatives were sufficient for patients with co-morbidities and were also desirable for the prevention of complications unrelated to the ESD procedure because the functional capabilities of the internal organs of these patients were low. Nevertheless, the rates of hypoxia, hypertension, and hypotension tended to be high. Therefore, precise general control during sedation, especially of respiratory function combined with the monitoring of vital signs, is important for patients with co-morbidities. Multivariate logistic analysis revealed that higher ASA grade was a significant risk factor associated with both total complications and complications unrelated to ESD procedure. Because in this study oral intake was postponed in patients with complications, it might be expected that higher ASA grade was significantly associated with a high rate of deviation rate from the typical clinical pathway and a long hospital stay.
Four cases of postoperative bleeding in the ASA 2 and ASA 3 groups occurred after the patients had been diagnosed with delirium or arrhythmia. Although a causal relationship between postoperative bleeding and delirium or arrhythmia is not definite, we consider that careful observation might be required for higher ASA grade patients with complications unrelated to the ESD procedure.
Although the risks of ESD increased with ASA grade, the predicted risks of surgery were revealed to be still much higher than those of ESD by a patient risk prediction model on surgery, P-POSSUM, which precisely predicts mortality, especially in those at low risk. The higher ASA grade was significantly associated with high predicted morbidity and mortality.
This study had limitations in that it was a retrospective study which had been conducted in a single institution. Moreover, those with comorbidities are eager to remain longer in the hospital, and the doctors may also keep those in the hospital for a longer period, because their quality of life is basically low whereas the national health insurance of Japan will cover more than 70% of the total cost for the hospital charge. These factors might cause bias toward a longer hospital stay for those with higher ASA grades. Although it is important that the results in this study are analyzed from the point of view of both cost-effectiveness and life expectancy of the patients, we were not able to investigate these aspects because of methodological difficulty.
Therefore, the results might not be applicable to other populations. To confirm the findings reported in this study, a multicenter prospective study involving the typical clinical pathway is required.
Conclusion
Endoscopic submucosal dissection (ESD) can be performed efficiently for gastric neoplasms in patients with co-morbidities; however, additional caution is required because both total complications and complications unrelated to the ESD procedure were recognized more frequently in patients with co-morbidities than in those without co-morbidities, and the presence of co-morbidities was a significant risk factor for both total complications and complications unrelated to the ESD procedure. These factors may cause both deviation from the clinical pathway and a long hospital stay. This article provides useful information about ESD cases involving co-morbidities.
